Introduction. Advanced maternal age is associated with labor dystocia (LD) in nulliparous women. This study investigates the age-related risk of LD in first, second and third births. Material and methods. All live singleton cephalic births at term (≥ 37 gestational weeks) recorded in the Swedish Medical Birth Register from 1999 to 2011, except elective cesarean sections and fourth births and more, in total 998 675 pregnancies, were included in the study. LD was defined by International Classification of Diseases, version 10 codes (O620, O621, O622, O629, O630, O631 and O639). In each parity group risks of LD at age 25-29 years, 30-34 years, 35-39 years and ≥ 40 years compared with age < 25 years were investigated by logistic regression analyses. Analyses were adjusted for year of delivery, education, country/region of birth, smoking in early pregnancy, maternal height, body mass index, week of gestation, fetal presentation and infant birthweight. Results. Rates of LD were 22.5%, 6.1% and 4% in first, second and third births, respectively. Adjusted odd ratios (OR) for LD increased progressively from the youngest to the oldest age group, irrespective of parity. At age 35-39 years the adjusted OR (95% CI) was approximately doubled compared with age 25 and younger: 2.13 (2.06-2.20) in first birth; 2.05 (1.91-2.19) in second births; and 1.81 (1.49-2.21) in third births. Conclusions. Maternal age is an independent risk factor for LD in first, second and third births. Although age-related risks by parity are relatively similar, more nulliparous than parous women will be exposed to LD due to the higher rate.
Introduction
The increasing number of studies focusing on the effects of advanced maternal age on pregnancy outcomes is a reflection of the phenomenon of postponement of childbirth in high-and middle-income countries during the last two decades. These studies have reported associations between advanced maternal age and increased risk of outcomes such as stillbirth (1, 2) , preterm birth (3) (4) (5) (6) , anal sphincter injury (7) (8) (9) , labor dystocia (LD) (10) (11) (12) and operative delivery (13) (14) (15) (16) . Often, only nulliparous women are included in these studies, or nullipara and a merged group of all multipara. Considering the perinatal risks associated with advanced maternal age in nullipara, and that these women will be even older when having their second birth or more, a focus on parity is
Key Message
The risk of labor dystocia increases progressively with maternal age in first, second and third births, suggesting a continuous decline in uterine performance from the early 20s onwards.
important. Our previous studies suggest that the effects of advanced maternal age on the risk of very preterm birth (6) are similar in first, second and third births, but not on the risk of stillbirth, where advanced maternal age only increased the risk in nullipara (2) . Differences like these may shed new light into the physiological effects of aging during pregnancy. We investigated associations between maternal age and the risk of LD in first, second and third births. LD is the major indication for operative delivery, specifically instrumental vaginal delivery (11, 17) , and increases the risk of asphyxia (17) and postpartum hemorrhage (17) . Besides advanced maternal age, nulliparity (18) , low maternal height (17, 19) , overweight (17, 20) , large infant (17, 18) and maternal ethnic background (21) have been associated with LD.
Considering that skeletal muscular strength declines with age even among women of reproductive age (22) , with physical performance generally peaking at 25 years of age, and the assumption that even the myometrium becomes less effective with age (23, 24) , we hypothesized that LD would increase continuously with maternal age, and that the risk estimates would be similar in first, second and third births.
Material and methods
The study was based on data from the Swedish Medical Birth Register (MBR), which includes > 98% of all births in Sweden. MBR is validated annually against the National Population Register, using the mother's and infant's unique personal identification numbers (25, 26) . Starting at the first antenatal visit, information is prospectively collected during pregnancy and delivery, using standardized records. We included live singleton cephalic births at term (≥ 37 weeks of gestation) recorded in the MBR from 1999 to 2011. During this period, the total number of births in Sweden was 1 301 134. The exclusions were: elective cesarean sections (8.6%), parity four and above (6.0%), multiple births (2.9%), stillbirths (0.3%), preterm births (< 37 weeks: 6.2%) and pregnancies without maternal identification number (0.01%), leaving 998 675 pregnancies in the final sample.
The outcome variable was LD defined by the International Classification of Diseases, version 10 (ICD-10) codes given after birth. A woman was coded as having LD if she had been given one or more of the following diagnoses: primary inadequate contractions (code O620), secondary uterine inertia (code O621), other uterine inertia (code O622), abnormality of forces of labor, unspecified (code O629), prolonged first stage of labor (code O630), prolonged second stage of labor (code O631) and long labor, unspecified (code O639). The exposure variable of interest was maternal age when giving birth to the first, second and third infants. In each parity group, maternal age < 25 years was used as the reference, and compared with 25-29 years, 30-34 years, 35-39 years and ≥ 40 years.
The principal analyses were adjusted for possible confounding factors, including year of delivery, maternal education, country/region of birth, smoking in early pregnancy, body mass index (BMI), maternal height, infant birthweight, week of gestation and fetal presentation. Information about smoking, and maternal height and weight were recorded at the first antenatal visit (commonly at 8-12 weeks of gestation 2 ). Infant birthweight and fetal presentation were recorded shortly after the birth. The National Population Register provided information about the mother's country of birth. Level of education was obtained by linkage to the Swedish Education Register. Additional analyses also included potentially mediating factors, occurring in the pathway between the exposure (maternal age when pregnant with a first, second, or third child) and the outcome (LD), such as induction of labor and epidural analgesia. All variables analyzed in the study, with their respective categories, are presented in Table 1 .
Pregnancies of nulliparous women (first births), para 1 (second births) and para 2 (third births) were analyzed separately. Rates of LD were calculated for each age category and parity group. The associations between maternal age and LD were investigated by logistic regression analyses in three different models. Model 1 was adjusted for year of delivery only and represents the crude outcomes. Model 2 was adjusted for all the potentially confounding factors and represents the principal findings of the study. In Model 3 the potentially mediating factors were also added. Emergency operative delivery (cesarean section and instrumental vaginal delivery) is an outcome of pregnancy, and of LD, and therefore not included in the regression models. However, Figure 1 illustrates the rates of LD in the total sample including operative deliveries as well as the subsample of spontaneous vaginal births.
In the total sample, missing data were low except for BMI (11.3%), which includes data on maternal height (5.5%), and smoking (4.9%) ( Table 1) . Missing data on BMI and maternal height were substantially explained by the year when this information was included in the MBR, and the missing values were likely to be nearly at random and so meeting the criteria for multiple imputation (27) . Imputations were conducted in SPSS Version 22 (IBM Corp., Armonk, NY, USA), in three separate data sets including first, second, and third births respectively. The SPSS "Automatic" imputation method was used (Type of imputation model: Logistic Regression), and 15 imputations were performed. The imputed variables were BMI and smoking, and the variables used in the imputation procedure included the outcome variable (LD), and all the exposure variables listed in Table 1 (except parity and mode of delivery). Analyses based on imputed data produced almost identical results to those obtained by complete case analyses, which are presented in Table 2 and Figure 2 .
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Results
Labor dystocia was recorded in 22.5% of first births, 6.1% of second births and 4% of third births ( Table 1) . The rates of LD in the total sample increased almost continuously from the youngest to the oldest age group; by 76% in first births, 100% in second births and 82% in third births (Figure 1 ). In the subgroup of spontaneous vaginal births the increase from the youngest to the oldest was 26% in first births, 22% in second births and 38% in third births. The principal analyses in Table 2 (illustrated in Figure 2) show that the risk of LD increased more or less continuously from age 25 years and younger to age 40 and older, regardless of parity (Model 2). The adjusted odds ratios in first, second and third births, respectively, were 1.36, 1.20 and 1.14 at age 25-29 years; 1.76, 1.59 and 1.44 at 30-34 years; 2.13, 2.05 and 1.81 at 35-39 years, and 2.28, 2.51 and 2.58 at 40 years and older, compared with the reference group at age 25 and younger. The adjusted odds ratio remained almost identical when the mediating factors (induction and epidural analgesia) were added (Model 3).
Discussion
The risk of LD increased progressively from age 25 and younger to age 40 and older, irrespective of parity, so supporting the hypothesis of the study. Although this epidemiological study cannot draw conclusions about causality, the findings support the conclusion that advancing maternal age has a negative effect on labor progress. A continuous increase of LD by maternal age was also reported in two studies of nulliparous women (10,12), both suggesting that there is a continuous decline in uterine performance from the early 20s onwards, rather than a threshold phenomenon confined to women age ≥ 35 years. We found no other study investigating LD in specific multiparous groups, but one study including all multipara reported increasing duration of second stage of labor by maternal age but not of first stage of labor (23) . The last finding may have been related to how the multivariable analyses were conducted, by including not only confounding factors but also cesarean delivery, which may have diluted the effect of maternal age. Investigating the association between maternal age and LD was based on our interest in the potential effect of physiological aging on the labor process. However, from a clinical perspective, for instance when seeing a 40-yearold woman expecting her second child who worries about the approaching labor, the absolute risk of LD may be more relevant. Even if her relative risk was more than doubled (odds ratio 2.18) in this study, her absolute risk was < 10% (9.4%). We have reported similar differences between relative and absolute risks when investigating associations between advanced maternal age and other outcomes in first, second and third births. The rates of very preterm birth (6) were higher in first births than in second and third births, whereas the age-related risks were relatively similar. The lower LD rates in second and third births may have different reasons, such as positive effects of having experienced a previous labor, but women who chose to have additional children may also constitute a more selected group characterized by lower obstetric risk at onset of labor, compared with nulliparous women.
A limitation of our study was that LD was defined by ICD-10 codes, and not by prospectively collected information about cervical dilatation and fetal descent obtained from the partogram. The total LD rate, including all three parity groups, was 14%, which was probably an underestimate of the problem. A smaller Swedish study of nulliparous and multiparous women reported a total rate of 21% when basing the definition of LD on the cervical dilatation rate according to the partogram's alert and action line (18) . A Danish study of nulliparous women using set criteria for first-and second-stage labor based on cervical dilatation reported an incidence of LD of 37% (17) , which is much higher than our rate of 22.5% in nullipara. When defining LD by ICD codes as in the current study we primarily identified the more severe cases of LD, those where a diagnosis was required to justify an intervention, such as augmentation of labor, vacuum extraction and cesarean section.
Another limitation of our study was that the definition of LD included both diagnoses related to the first and second stages of labor, as a woman in the data set could have more than one of the six diagnoses. Consequently, we could not investigate if the age-related risk of LD differed between the two stages of labor.
A strength of our study was the large population-based sample, which made it possible to investigate three different parity groups, each divided into five age categories. The quality of the Swedish Medical Birth Register and linkage to other registers also provided information about important confounding factors, which were taken into account in the statistical analyses.
To further our understanding about the physiological effects of advanced maternal age on LD, future studies should preferably use strict clinical criteria for LD and study effects during the course of labor; during the latent and active phases of the first stage, and during the second stage of labor. Physiological studies of the myometrium, amniotic fluid and vessels in women of different age could possibly provide important information, which may contribute to a reduction of LD and its consequences in terms of increased rates of operative deliveries. Until then, the only way to reduce the effect of aging on the course of labor is to encourage young women and men to plan parenthood at an age when childbirth is optimal.
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